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1MS320C14/EI4 DSP MKROCONflKMUR 
_PRODUa BUUEim 

OVERVIEW 

Texas Instruments has introduced the 
TMS320C14, a 16-bit digital signal 
processing (DSP) microcontroller. The 
TMS320C14 is the first device to 
combine the high performance of a 
DSP with the on-chip peripherals of a 
microcontroller. Operating at 25.6 MHz, 
the new device is the world’s fastest 
microcontroller. The TMS320C14 of¬ 
fers five to ten times the speed of 
traditional 16-bit microcontrollers, yet 
is comparably priced. The processing 
power of a DSP engine allows the 
TMS320C14 to compute advanced 
control algorithms such as Kalman 
filters and state controllers resulting in 
analog-type performance. On-chip 
peripherals reduce the chip count, 
resulting in space and cost savings. 

The TMS320E14, the EPROM ver¬ 
sion, provides code development and 
prototyping ease. 

APPLICATIONS 

The TMS320C14 is ideal for such ap¬ 
plications as: 

• AUTOMOTIVE 

Active Suspension 
Engine Control 

Antiskid Braking/Traction control 
Electronic Power Steering 

• COMPUTER PERIPHERALS 

Disk Drives 
Plotters 
Printers 
Tape Drives 

• INDUSTRIAL CONTROL 

Robotics 
Motion Control 
Servo Motor Control 
Process Control 
Power Tool Control 
Instrumentation 

• MILITARY 

Missile Guidance 
Platform Stabilization 
Flight Control 
Autopilot Systems 


? WORLD’S FASTEST MICROCONTROLLER _ . 1 

FEATURES 

DSP Architecture: 

• Harvard architecture 

• High degree of parallelism 

• 160 ns instruction cycle, 6.4 MIPS 

BENEFITS 

Greater system bandwidth 

Future family growth 

Analog-type performance 

On-Chip Peripherals: 

• Event manager with 

6 channel PWM D/A 

• 16-bit I/O pins 

• Serial port 

• Four 16-bit timers 

• Internal/External interrupts 

Reduction of board space/system cost 
Ease of design 

Single-chip solution 

Development Support: 

• H/W and S/W development 
tools 

• EPROM version 

Shorter time-to-market 

Upgradability 

Ease of prototyping and field testing 




























DSP MICROCONTROLLER INCREASES PERFORMANCE... 


ARCHITECTURE 

The TMS320C14 is based on the 
industry-standard TMS320C10 CPU. 

The TMS320C10 CPU contains a 
32''bit ALU and accumulator for sup¬ 
port of double precision, two’s- 
complement arithmetic. The 
multiplier performs a 16 x 16-bit two’s- 
complement multiplication with a 
32-bit result in a single instruction cy¬ 
cle. Two shifters are available for 
scaling data. Two modes of operation 
allow switching between 4K words of 
on-chip ROM or 4K words of off-chip 
memory. A four-level hardware stack is 
provided for saving the contents of the 
program counter during interrupts and 
subroutine calls. Flexibility and ease of 
use is further enhanced by a com¬ 
prehensive instruction set that sup¬ 
ports both general-purpose and con¬ 
trol applications. 

The TMS320C14 operates at up to 
25.6 MHz, providing 6.4 million in¬ 
structions per second (MIPS). Almost 
all instructions, including multiplica¬ 
tion, are executed in a single cycle, 
making this device ideal for imple¬ 
menting advanced control algorithms. 
The TMS320C14 incorporates 
256 words of RAM, 4K words of ROM 
or EPROM and five major peripheral 
blocks optimized for control applica¬ 
tions. These five blocks include; 

• Four 16-bit timers 

- Two general-purpose timers 

- Watchdog timer 

- Baud rate generator 

• An event manager 

• 16-bit selectable I/O pins 

• Serial port with codec compatible 

mode 


Technical assistance is just a 
phone call away. 
Contact TI Regional 
Technology Centers 



713 - 274-2320 


Internal Blocks of the TMS320C14/E14 
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TMS320C14/E14 Block Diagram 
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AND REDUCES SYSTEM COST 


Event Manager 

The Event Manager features two sub' 
systems, compare and capture. The 
compare subsystem has six 16'bit com¬ 
pare registers which constantly com¬ 
pare their contents with the value of 
one of two internal timers. When a 
match is detected between the com¬ 
pare register and its specified timer, a 
pulse is generated and sent to a cor¬ 
responding action register. This action 
register controls the state of six output 
pins and two interrupts. These pins can 
also be used as a six channel high pre¬ 
cision PWM output. Operating at 
25.6 MHz, the TMS320C14 provides 
10 bits of pulse width modulator 
(PWM) resolution at 25 KHz. The 
capture subsystem contains four input 
pins and four FIFO’s (four deep). When 
a transition is detected on one of the 
input pins, the value of a specified 
timer is stored in an associated FIFO. 
The capture system provides a resolu¬ 
tion of 6.4 MHz and is ideal for speed 
measurements. 

Timer/Counters 

The TMS320C14/E14 is equipped with 
two 16-bit general-purpose incremen¬ 
ting timer/counters. A 16-bit period 
register and a prescaler are associated 
with each timer. When the timer mat¬ 
ches the value in the corresponding 
period register, the timer is reset and 
an interrupt is generated. This timer/ 
counter is ideal when high resolution 
is needed for clocking external events. 
When operating at 25.6 MHz, the timer 
resolution is 160 ns. 

Watchdog Timer 
The TMS320C14 includes a 16-bit 
Watchdog Timer designed to prevent 
software hang-ups. If this timer is 
allowed to time out, a maskable inter¬ 
rupt is set and a pulse is generated on 
an output pin. This pin may be used 
to reset external hardware and/or the 
device. This timer can also be used as 
a general-purpose timer. 

Bit Selectable I/O 
Each of 16 individually bit-selectable 
I/O pins may be configured as either 
input or output. Those designated as 
inputs feature an automatic compare. 
When a match is detected, an inter¬ 
rupt bit is automatically set. These 
I/O bits can be used for keyboard scan 
.switching on or off external peripherals. 


Event Manager/Compare Subsystem 
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Event Manager/Capture System 
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Serial Port 

The serial port features three modes of 
operation, synchronous, asynchronous 
and codec compatible modes. The 
serial port provides double-buffered, 
full-duplex serial operation in the 
asynchronous mode and half-duplex 
transfers in the synchronous mode. In 
the codec mode, data transmission is 
full-duplex while utilizing an internal 
or external clock. A 16-bit serial port 
control register allows easy selection of 
the operating mode and also allows 
the user to define the required serial 
port parameters. Maximum transmis¬ 
sion/reception rate in the synchronous 
mode is 6.4 MHz, 400 KHz in the 
asynchronous mode, and 1.6 Mbits/se¬ 
cond in the codec mode. 


EPROM 

The TMS320E14 features 4K words of 
on-chip EPROM which allows real¬ 
time code development and modifica¬ 
tions for instant evaluation of system 
performance. Form factor emulation 
for system test eliminates risk and sup¬ 
ports early field test while still modify¬ 
ing code. The TMS320E14 can be pro¬ 
grammed using any standard PROM 
programmer. An adapter socket is avail¬ 
able which provides the 68-pin to 28-pin 
conversion. An optional security bit 
ensures that the user’s proprietary 
code is protected and cannot be read. 


3 





















































































































































DSP MICROCONTROLLER OF CHOICE 


DSP CONTROL 
APPLICATIONS 

The TMS320C14 is ideal for the irri' 
plementation of sophisticated realtime 
control algorithms, ranging from 
military to cost^sensitive consumer 
applications. 

■ Automotive: 

The TMS320C14 DSP is used in 
automotive engine control, brak¬ 
ing, noise/vibration, and active 
suspension. TMS320C14'based ac¬ 
tive suspension systems allow a 
vehicle to react to load changes 
during cornering or over rough ter¬ 
rain. The TMS320C14 DSP con¬ 
trols heavy-duty actuators fitted 
with electro-hydraulic servo valves 
which control the cars suspension. 
The TMS320C14 DSP active 
suspension system adapts to road 
conditions instantaneously, for bet¬ 
ter handling and a safer, more com¬ 
fortable ride. 

■ Disk Drives: 

The TMS320C14 DSP is ideal for 
control of the head position of a 
disk drive as well as the servo con¬ 
trol of the spindle motor. With the 
processing power of the TMS320C14, 
more accurate control can be im¬ 
plemented to provide less misread 
information, faster access times and 
denser storage. With the on-chip 
peripherals available on a 
TMS320C14, fewer chips are re¬ 
quired, leading to a reduction in 
board space and system cost. Adap¬ 
tive control algorithms can be im¬ 
plemented to compensate for 
changes due to aging or environ¬ 
mental factors such as temperature. 
Digital solutions make system test 
easy and reduce test time. In addi¬ 
tion, the high throughput of the 
TMS320C14, allows the controller 
to perform other operations such as 
filtering to reduce mechanical 
resonances. 

TMS370 High Performance 
8^bit Microcontroller 
Texas Instruments also offers a high 
performance 8-bit microcontroller 
family of microcontrollers. The 
TMS370 family of high-performance, 
highly integrated 8-bit CMOS 
microcontrollers delivers 20-MHz 
performance and a host of advanced 


TMS320 Automotive Applications 
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TMS320 Disk Drive Control 
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Robot Arm Control 
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on-chip functions. Continued 
emergence of applications that re¬ 
quire greater performance in 
smaller equipment, coupled with 
the need to retain critical data 
when the system is powerless, 
drives the demand for on-chip 
functions including program and 
data EEPROM, 8-bit/8-channel 
A/D converter plus extensive timer 
and communication resources. 

■ Robotics: 

The TMS320C14 is an excellent fit 
for axis control on a multi-joint 
robot. General-purpose micro¬ 
processors typically control only 
one axis, while the TMS320C14 
replaces multiple general-purpose 
microprocessors by controlling 
several axes with one processor, 
thus reducing cost and space 
requirements. 

■ Motor Control: 

The TMS320C14 can perform the 
advanced control algorithms need¬ 
ed to provide very accurate control 
for both AC motors and DC 
brushless motors. Vector control 
techniques can be implemented on 
the TMS320C14 to transform the 
coordinates and simplify the con¬ 
trol structure of an AC motor to 
that of a field controlled DC 
motor. 

■ Plotters: 

The TMS320C14 is also well suited 
for plotter control. The 
TMS320C14 is capable of controll¬ 
ing the X and Y coordinates for 
pen positioning with greater speed 
and accuracy than general-purpose 
microprocessors, to produce higher 
quality draws in a shorter time. 
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DSP ARCHITECTURE ALLOWS MORE 
SOPHISTICATED CONTROL 


CONTROLLER 

IMPLEMENTATION 



Traditional control systems are 
generally implemented with analog 
components. These systems offer per^ 
formance, but have some inherent 
disadvantages. Disadvantages include 
drifts in performance due to aging or 
environmental conditions such as 
temperature variations. Also, modifi¬ 
cations and upgrades involve redesign 
since analog systems are hardwired. 
General-purpose microcontrollers pro¬ 
vide a robust solution since they are 
not affected by aging or by environ¬ 
mental conditions. Modifications and 
upgrades are simple since they involve 
changing software and not hardwired 
components. However, general- 
purpose microcontrollers do not have 
the speed necessary to execute the ad¬ 
vanced control algorithms which are 
often needed. These applications are 

TMS320C14 
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therefore limited to open-loop, single 
variable control using table-look-up 
techniques to approximate results. 

The TMS320C14, with its DSP 

engine, is ideal for processing advanc¬ 
ed control algorithms. With its on- 
chip, single cycle multiplier and modified 
Harvard architecture, advanced con¬ 
trol algorithms can be implemented in 
realtime to achieve analog-type perfor¬ 
mance. Also, the TMS320C14 is not 
affected by aging or environmental 
conditions, thus providing a robust 
solution. The TMS320C14 microcon¬ 
troller incorporates the performance of 
analog solutions with the benefits of 
digital systems. 

TMS320C14 IN DIGITAL 
CONTROL 

Applications in the areas of robotics, 
numerical control, disk control, engine 
control, and motor control increasing¬ 
ly require the implementation of more 
sophisticated control algorithms to 
meet performance requirements. To 
meet the needs of these demanding 
applications, modem control theory 
has introduced new algorithms and 
techniques such as: 

• Deadbeat control 

• State models 

• Observer models 

• Optimal control 

• Kalman filtering 

• Adaptive control 

A high-performance processor, such 
as the TMS320C14, is required to im¬ 
plement these algorithms in realtime. 
In addition to processing advanced 
control algorithms, the TMS320C14 
has additional features which make it 
ideal for control. These include: 

Large Word Length. Conversion of 
a continuous signal into discrete form 
results in loss of resolution, referred to 


as quantization errors. Truncation er¬ 
ror is also introduced if registers are 
not large enough to hold intermediate 
results. The TMS320C14 uses a 16-hit 
word length with 32-bit accumulator 
to store intermediate results, thus 
keeping truncation and quantization 
errors to a minimum. 

Scalers. Additional quantization and 
truncation errors can be introduced if 
numbers are not scaled properly. For 
this reason, the TMS320C14 has two 
hardware shifters with shifting incor¬ 
porated into DSP instructions without 
consuming additional CPU cycles. 

Overflow Security. Often when an 
overflow occurs in a digital controller, 
the register value wraps around, going 
from the most positive to the most 
negative value or vice versa. This can 
have serious consequences to a control 
system. The TMS320C14 is equipped 
with an overflow protection feature 
which causes a register to stay at the 
most negative or most positive value 
when an overflow occurs, thus simula¬ 
ting saturation in an analog system. 

High Sampling Rate. Selection of a 
sampling rate is dependent upon the 
bandwidth of the system. According 
to Nyquists theorem, a signal contain¬ 
ing the highest frequency “f’,’ must be 
sampled at a frequency greater than 2f 
to be able to recover all the informa¬ 
tion contained in the original signal. 
In digital control systems, the sampl¬ 
ing rate is selected as six to ten times 
the system bandwidth. For realtime 
processing, the input sample must be 
processed before the arrival of the 
next sample. The speed of the 
TMS320C14 makes it easy to use 
very high sampling rates for systems 
with high bandwidth. 
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EXTENSIVE SUPPORT SHORTENS DESIGN TIME 


TMS320 FAMILY OF 
DIGITAL SIGNAL 
PROCESSORS 

The TMS32010, introduced by TI in 
1982, was the first DSP capable of ex¬ 
ecuting five million instructions per 
second. The TMS320 family of DSP’s 
quickly became the industry standard 
and the product of choice in the 
single-chip DSP market. TI’s commit¬ 
ment to the TMS320 family of DSP’s 
is shown in its three generations of 
processors which provide a wide range 
of devices to meet your cost/perfor- 
mance needs. 

First-Generation (TMS320Clx): 
The first-generation TMS320 has the 
industry’s most diverse range of devices 
to satisfy a broad range of applications. 
A Harvard architecture and a hard¬ 
ware multiplier increase processor 
throughput to provide cycle times 
from 160 ns to 280 ns. The TMS320C15 
and the TMS320C17 offer the ex¬ 
panded ROM and RAM also available 
on the TMS320C14. The TMS320C17 
features an on-chip dual-channel serial 
port (for direct codec interface), com¬ 
panding hardware, and a coprocessor 
port. The TMS320E15 and TMS320E17 
offer 4K-words on-chip EPROM to 
support real-time code development. 
All first generation devices are object- 
code compatible. 


DEVELOPMENT 

SUPPORT 

Whether moving into DSP for the 
first time or moving up to the next 
generation of TMS320s, TPs develop¬ 
ment support helps put designs into 
production faster. Not only hardware 
and software are available, but hands- 
on DSP workshops, applications 
notes, textbooks, a Bulletin Board Ser¬ 
vice and Technical Hotline, as well as 
third-party support. 

Hands-on DSP workshops using the 
TMS320 development tools cover all 
you need to know from architecture to 
software. Courses are scheduled at TI 
Regional Technology Centers (RTC). 
RTC combination packages offer DSP 
workshops and development tools at 
discounted prices. 

Application notes and textbooks 
contain literally thousands of pages 
that are readily available to give you 
assistance in application concepts and 
designs. The assembler/linker and 
simulator speed software development 
and realtime in-circuit emulators allow 
software and hardware integration. 

The TMS320 Technical Hotline is 
staffed by application-experts ready to 
take your call. 

The TMS320 Technical Hotline is an 
online service that provides the latest 
technical and application information. 

More than 50 third-party hardware 
and software suppliers and 30 consul- 


Development Support 


• Software Tools: 
Assembler 
Linker 

CPU Simulator 

• Hardware Tools: 

XDS Emulator 
EPROM Adaptor Socket 

• Hotline from the 

TI Regional Technology 
Centers 

• TI Seminars 

• RTC Workshop 

• Application Notes 

• Third Parties 


tants are featured in our “TMS320 
Family Development Support Refe¬ 
rence Guide”. Application notes are 
given in DSP Applications book. 

To receive technical product litera¬ 
ture, contact TT Sales Offices (Sc 
RTC’s. For pricing and availability 
information, contact your local TI 
Field Sales Office or authorized dis¬ 
tributor. 


Second-Generation (TMS320C2x) 
Second-generation devices offer two 
to four times the performance of the 
first generation. The second-generation 
devices are upward source code com¬ 
patible with the first-generation and 
offer almost twice as many instruc¬ 
tions, a multiprocessing interface, 
serial ports, and a large address reach 
(128K words). 

Third-Generation (TMS320C3x): 
The TMS320C30, capable of more 
than 33 million floating point opera¬ 
tions per second, is the highest- 
performance device in the TMS320 
family, offering performance levels of a 
supercomputer. Even higher perfor¬ 
mance is gained through large t)n-chip 
memories, concurrent DMA con¬ 
troller, and instruction cache. Since 
the TMS320C30 is a floating point 
machine, numbers no longer need be 
scaled, thereby making code develop¬ 
ment much easier. 


TMS320 Family Growth 
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06271 Villeneuve-Loubet cedex 
Tel ; 93 22 20 01 
Telex : 470127 F 


HOLLAND 

Texas Instruments Holland B.V. 
Hogehilweg 19 
Postbus 12995 

1100 AZ Amsterdam-Zuidoost 
Tel: (020) 5602911 
Telex : 12196 


SVERIGE 
Texas Instruments 
International Trade Corporation 
(Sverigefilialen) 

Box 30, 

S-164 93 Kista 

Visit address : Isafjordsgatan 7, Kista 
Tel: (08) 752 58 00 
Telefax : (08) 751 97 15 
Telex : 10377 SVENTEX S 


UNITED KINGDOM 
Texas Instruments Ltd. 
Manton Lane, 

Bedford, 

England, MK41 7PA 
Tel: (0234) 270 111 
Telex : 82178 

Technical Enquiry Service 
Tel: (0234) 223000 
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ITALIA 

Texas Instruments Italia S.p.A. 
Centro Direzionale Colleoni 
Palazzo Perseo - Via Paracelso, 12 
20041 Agrate Brianza (Mi) 

Tel : 039-63221 
Fax : (039) 632299 

SVERIGE 
Texas Instruments 
International Trade Corporation 
(Sverigefilialen) 

Box 30 

S-164 93 Kista 
Isafjordsgatan 7 
Tel: (08) 752 58 00 
Telefax : (08) 751 97 15 
Telex : 10377 SVENTEX 

UNITED KINGDOM 
Texas Instruments Ltd. 

Regional Technology Centre 
Manton Lane, 

Bedford, 

England, MK41 7PA 
Tel: (0234) 270 111 
Telex : 82178 

Technical Enquiry Service 
Tel: (0234) 223000 
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